By far the greatest number of observations of the brightness of comets, and the only ones that cover a long enough time span for investigation of secular effects, have been made by visual methods, mostly with small instruments. Such observations record the contribution of a large part of the coma, and possibly some light from the tail, at wavelengths to which the eye is sensitive. Three distinct observational techniques have been Each of these techniques is subject to systematic errors depending upon a variety of factors: the observer and the instrument employed; the observing circumstances, most particularly the brightness of the sky background; and the character of the comet, especially the degree of central condensation.
systematic effects, and physical interpretation of the observational data are considered in some detail by Meisel and Morris (1975) .
Photographic Brightness
Magnitude estimates can also be made from photographic observations. Those derived from photographs taken with small instruments of relatively short £ ratio so not differ grossly from visual determinations of "total" brightness. But determinations made from photographs taken with large, relatively long-focus reflectors for astrometric purposes, tend to give much fainter magnitudes. Such photographs are usually taken with the motion accurately compensated, and the images of comets are small, round, and generally quite sharply condensed. These images are often nearly stellar in appearance, so that direct eye comparisons can be made with images of stars on similarly exposed plates of one of the star fields in which photoelectrically calibrated magnitude sequences have been established.
The writer has regularly applied a mean correction of 0.3 mag per air mass (blue light) to compensate for differential extinction. Magnitudes derived in such a way are always fainter than those that refer to the brightness of the central condensation observed visually with the same instrument.
Typically they are as much as 5-6 magnitudes fainter than visual estimates made with smai1 telescopes using one of the techniques described above.
To determine appropriate exposure times for photographic observations with the large instruments, it has been the practice for some time to compute ephemerides of "nuclear" magnitudes (Roemer 1961) . The distinction between "total" (HL ) and "nuclear" (m ) magnitudes was introduced into the IAU telegram code some years ago, and its general use was recommended by resolution of IAU Commission 20 in 1970 (Trans. IAU XIVB, p. 156, 1971 ).
Actual observations of individual comets will generally fall somewhere between "total" and "nuclear" magnitudes. For visual observations there is a well-known and rather pronounced dependence of the observed magnitude on the size of the telescope, the "aperture effect" discussed by Bobrovnikoff (I9^1a, 19^2, 19^3 )* Comets appear systematically fainter the larger the telescope with which they are observed. But it is clear that the £ ratio plays a role as well (see, e.g., Morris 1973) . "Total" magnitudes fall short of the ideal in that not all of the light from the coma and tail of a well-developed comet is included in observations made visually, even with very small, wide-field instruments. And "nuclear" magnitudes will rarely be free from contamination by light from the inner coma, the amount apparently being dependent on the f ratio of the telescope and on the characteristics of the comet. Even quite large Schmidt cameras give brightnesses appreciably greater than do the long-focus reflectors. An f/k 208-cm reflector gives magnitudes of the order of 1 mag brighter for typical comets than does a 229-cm f/9 instrument.
Interpretation of Nuclear Magnitudes
Not surprisingly it is found as an empirical fact that "nuclear" magnitudes are less sensitive to heliocentric distance than are "total" magnitudes.
For a very few comets, direct solution from observed "nuclear" magnitudes over an adequate range of distances has led to an asteroidal-type magnitude law, P/Arend-Rigaux being the outstanding example (Marsden 197^; see also Sekanina 1975) . The sensitivity to the heliocentric distance seems to be correlated with the photographic appearance of the comet, in that the more nearly stellar the appearance the closer the brightness behavior is likely to be to a simple reflection law.
Conformity of actual observations to an asteroidal law has been used, supplementing nearly stellar appearance, as a test of the degree of resolution of true "nuclear" magnitudes. The investigation by Sekanina (1975) suggests that this may not be a sufficient condition of resolution.
A comet is likely to be of most nearly stellar appearance if observed at large distance from the sun, when it is relatively inactive. But some bright and active comets may be nearly stellar in appearance on shortexposure photographs, particularly if high-contrast photographic emulsions are used. It is, however, a very rare comet that is not Immediately recognizable as a comet, whatever the observational circumstances. P/Arend-Rigaux is such an object.
Plates I -VI show the appearance of a number of comets as photographed with long-focus reflectors. Both short-and 3-ong-period comets are included, and observations span a considerable range of heliocentric distances. The minor planet (1580) Betulia is shown in Plate VII for comparison.
To the extent that the cometary image is not absolutely stellar in appearance, the "nuclear" magnitudes clearly do not refer exclusively to light reflected from a monolithic nucleus. Dimensions of nuclei calculated from observations of brightness that include any unresolved contribution from the inner coma will be too large, perhaps considerably so. Even interpreted in a rather uncritical way, the "nuclear** magnitudes determined with the large reflectors have proved that the radii of comet nuclei are in the range from fractions of a kilometer to a few kilometers for typical objects (Roemer 1966) . Such dimensions are far below the limit of optical resolution in ordinary circumstances. Delsemme and Miller (1971) have shown that the brightness profile of continuum light reflected from grains of an icy halo falls off very sharply with distance from the nucleus. Recalling that a radius of 725 km subtends an angle of 1 arcsec at a distance of 1 a.u., it is clear that a significant contribution of light from a grain halo may be included unrecognized in nuclear magnitude estimates when such a halo is present. It should be noted that the nuclear dimensions published by the writer were derived from individual magnitude observations, not from absolute magnitudes. The degree of contamination from an unresolved inner coma will vary with time as the intensity of the gas and dust emission fluctuates, and will generally be less at large heliocentric distances. A nuclear absolute magnitude calculated from a collection of observations made over a considerable range in heliocentric distance will include a fit to this contamination. Nuclear radii calculated from absolute magnitudes are likely, therefore, to depend to some degree on the particular range of distances over which the individual objects were observed and the level of their physical activity. Since the overwhelming majority of nuclear magnitude estimates refer to comets at geocentric and heliocentric distances greater than 1 a.u., reduction to unit distance will have the effect of exaggerating the contamination from the coma and will lead to spuriously large figures for nuclear dimensions.
Brightness Ephemerides
The apparent brightness of a comet as it depends on geocentric and heliocentric distance is commonly represented by the relation 1=1 A" 2 r" n .
(1) o
The nuclear brightness of some comets may show in addition a dependence on phase angle, but such dependence appears to be negligible for total brightness, For ephemeris purposes, the relation (l) is most frequently used in the form m = m +5 log A + 2.5 n log r
where m is now usually specified as referring to "total" magnitude, m , or "nuclear" magnitude, m . The exponent n thus represents in an average way characteristics of the comet itself and of its response to the solar radiation field. The "absolute magnitude", m , corresponds formally to A = r = 1 a.u., but it is not a clear-cut intrinsic property of a comet.
For comparison, the conventional form for magnitude ephemerides for minor planets is m = g + 5 log A + 5 log r + 0.023 a°.
Extensive analyses of the total brightness behavior of observed comets have been made by many investigators (e.g., Eobrovnikoff 19Ula, 19^2, 191+3; Schmidt 1951; Vsekhsvyatskij 1958) and have led to identification of several general patterns. "New" comets, defined as those moving in original orbits so nearly parabolic that they are not likely to have passed previously through the inner solar system, are found to be responsive to solar radiation at relatively large distances. Further brightening is comparatively slow on closer approach to the sun. The average value of n in (2) is about 3» "Old" comets, including those in definitely elliptical orbits, are more sensitive to decreasing heliocentric distance, and the average value of n is found to be larger, nearly h for long-period comets, and approaching 6 for short-period comets. Values of n. found for individual comets in all classes span a wide range, some comets even fading out on approach to perihelion.
For a comet that becomes relatively bright at perihelion but is observed photographically over a long arc, many estimates of m will be made while the comet is bright, while measures of m will predominate at large r.
Very few comets are observed visually when HL >12, while m observations generally fall in the range 15 <m < 21. Fits have sometimes been made to the two kinds of magnitudes indiscriminately by adjustment of the parameters in a single formula. When this is done, an exaggerated value of n. is likely to emerge, along with an m that is quite uninterpretable.
When a new comet is discovered visually, the long-focus photographic observer normally expects m to exceed m, by four to six magnitudes, the amount being sensitive to the diffuseness of the object.
Conversely, it has sometimes been necessary to predict the nearperihelion visual brightness of a comet when only photographic observations at large heliocentric distance are available. This was the situation with Comet Kohoutek in March and April 1973-To arrive at some estimate of the probable development, ephemerides were calculated on the basis of two assumed magnitude laws, one with n = *4, and one with n = 6, each with m -o determined so as to fit the available photographic observations. The more conservative prediction, which turned out to be rather accurate, seems to have been largely overlooked in the excitement that followed. The nearperihelion nL observations of Comet Kohoutek as reported in the IAU Circulars are shown in Fig. 1 , with an n = h magnitude ephemeris represented by the full curve. A one-magnitude asymmetry in the preperihelion vs. postperihelion brightness behavior is fairly common, but most comets tend to be somewhat brighter after perihelion passage than before. Although some comets have been followed after perihelion to distances comparable with that at which Comet Kohoutek was discovered, no comet ever before was followed from discovery at a heliocentric distance of nearly 5 a.u. through a perihelion passage less than 0.2 a.u. from the sun. The experience, therefore, was highly instructive.
Summary
The rate of secular fading of short-period comets continues to be a topic of interest. Visual estimates of total brightness made with small telescopes are the only data comparable with old observations. Interested With the open scale of the long-focus instruments, or if observations are pushed to the limit with small astrographs, it generally will be advantageous to compensate for the motion of the object during the exposure. The moving object will then appear small and round, while stars are recorded as regular, parallel trails. Basic techniques have been described by Roemer (1963, 1971) .
With astrographs and Schmidt cameras, which are guided with an auxiliary telescope, it may be possible to sight directly on the comet, if a sharp condensation can be seen well enough. Or offsetting can be done differentially with respect to a star by use of an eyepiece micrometer, the requirement being that the guide star is brought back after each increment to crosswires systematically displaced by a small amount.
Guiding with large instruments always must be accomplished by offset from a suitable star at the edge of the field being photographed. The direction and rate of motion are calculated in advance from the ephemeris, and the capability must be provided at the telescope for displacement of either the crosswires or the plate by small, accurately definable amounts. It is usually convenient to turn the tailpiece of the telescope so that the displacement is in only one coordinate. Although it is easy in principle to make the offsetting procedure completely automatic by motorizing the guide eyepiece motion and employing an automatic guider, very few telescopes are so equipped at the present.
In extreme situations it may be possible to take adequately compensated given by Konig (1962) . Special formulae applicable to the Schmidt have been published by Dixon (19^2, 1963) . Eichhorn (197* 
Adequacy of Current Astrometric Programs
The usefulness of observations of position over the longest possible arc for every comet that appears seems to be generally recognized among workers interested in either the physical or dynamical properties of these bodies.
A typical potential observing list in recent years has contained some 12 to 15 objects, at least potentially within the reach of large instruments at any given time. Only three or four of these comets, at most, would be as bright as magnitude 16 or 17, and thus accessible to very many of the wide-field instruments. Two-thirds or more would be the exclusive responsibility of the observers who use the large, long-focus reflectors. Particularly since the interval of observability amounts to no more than a few months (in some instances, only a few weeks), for some comets, it seems a reasonable goal to try to obtain a few observations of each object each month, in sum total.
Astrometric observations of comets with instruments that reach to It is useful to point out that, even though the plates were scaled rather than accurately measured, the Arizona image-tube observations of Jupiter XIII give (O-C) residuals of no more than about 1.5". B. Donn: Regarding nuclear magnitude measurements, there are two possibilities of distinguishing coma contribution from monolithic nuclear magnitude. True nuclear magnitude will be independent of exposure time, whereas a faint coma will show up more on longer exposures. The second, which is more remote, is the measurement of polarization. A dust scattered coma not at opposition will be polarized to some degree, and with a more or less predictable wavelength dependence. What is the observational situation with regard to this? E. Roemer: I think the second point certainly is well taken, because the fact that you have to keep in mind is that practically everything on my observing list is fainter than 17th magnitude, and I am hard pressed to get any kind of an image, let alone sort out the ones that might be polarized. Now, on the occasions where for one reason or another there have been exposures with different exposure times, it is usually a factor of 2, or something of that sort. On the whole there has been no effect that I can be confident of separating from experimental error-I think there is a 0.2 or 0.3 of a magnitude uncertainty. These are just eyeball estimates; they are comparisons of images with images of stars in the four selected area sequences where there are photoelectric magnitudes down to the 22nd magnitude. Just in compensating for differences in seeing conditions, I do normally put in 0. 3 of a magnitude per air mass to account for the differential air mass, but it is kind of a crude comparison. There have been experiments, as Tom Gehrels has gotten rather interested in using an iris photometer on some of the asteroid plates, and, in fact, the quality of those magnitude determinations is poorer than the eyeball, because you simply could not compensate adequately for the difference in the character of the image with the seeing. Now, there is generally a correlation of these magnitudes with the f-ratio, which is a sign of trouble. The 24-inch at Yerkes and the 82-inch at McDonald that Van Biesbroeck used to use so much are both f/4, and on the whole Van B's magnitude estimates were the same as those made photographically. I have had some experience with the 24-inch at Yerkes, and I would say estimates are a magnitude brighter than the magnitude estimates that came from the Crossley at f/5. 8 (by Jeffers and some of the people that worked with him).
DISCUSSION (Continued)
The Naval Observatory 40-inch at f/6.8 I think does lead to magnitudes that are a little bit brighter than the Stewart and Catalina telescopes. I do not get convincing differences between the latter two instruments, at f/9 and f/13. 5, so at some stage for a typical sample you do apparently get a long enough f-ratio beyond which you don't get gross differences. However, shorter than, say, f/7 there is enough of a diffuse character to those images where the f-ratio does make a difference much of the time. E. Roemer: The trouble is that those fields are too small for us. Our scale in the focal plane on both those telescopes is 10 arc seconds to the millimeter, so it takes us 8 inches to get a 0.5 degree diameter field. We just have to have these huge tubes.
Z. Sekanina: I wonder whether you expect that there are any systematic differences between the "nuclear" magnitudes from your Crossley plates and your 40-inch Ritchey-Chretien plates. E. Roemer: It is f/5. 8 against f/6.8. I wouldn't expect a great difference, but it would be in the sense of Crossley brighter. That, by the way, is undoubtedly one of the sources of error in the early estimates of Comet Kohoutek, in that it was Schmidt observations, and then the long focus observations after there already was significant coma development. The Schmidt is running f/2. 5, f/3, f/3. 5. Those are always going to be less than pure nuclear magnitudes-they are somewhere in between nij's and m 2 's.
